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INTRODUCTION 


Ravindranath Tagore on the glory of Bharath (J.C. Bose) 


Young image of what old Rishi of India 

Art thou, O Arya, savant Jagadish? 

What unseen hermitage hast though raised up 
From ‘neath the dry dust of this city of stone? 
Amidst the crowd’s mad turmoil, whence hast though 
That peace in which thou in an instant stoodst 
Alone at the deep centre of all things- 

Where dwells the One along in Sun, Moon, flolwers, 
In leaves, and beasts and birds and dust and stones, 
-where still one sleepless Life on its own lap 

Rocks all things with a wordless melody, 

All things that move or that seem motionless! 

While we were drunk with the remote and vain 
Dead glories of our past, - in alien dress 

Walking and falking in an alien tongue, 

in the caricature of other men- 

Their style, their bearing- While we should, yelled. 
Frog-like with swollen throat in our dark well, 

O’ in what vast remoteness were though then? 
Where didst thou spread thy hush’s and lonely mat- 
Thy mat of mediation? Thou, thy mind © 

curdling into calm gravity, didst plunge 


In thy great quest after the viewless ray, 

beyond the utmost borders of this world 

Of visible form, there where the Rishies old 

Oped, and passed in beyond the lion-gates 

Of the mainfold and stood before the One, 

silent in awe and wonder, with joined hands! | 
O Hermit, call thou in the authentic words 

of that old hymn called Sama: "Rise! Awake!" 

Call to man who boasts his Sastric lore | 
From vain pedantic wringlings profitless, 

Call to that foolish braggart to come forth 

Out one the face of nature, this broad earth 

Send forth this call unto thy scholar band; 

Together round thy sacrifice of fire 

Let them all gather, So may our India, 

Our ancient Land, unto herself return - | 
O once again return to steadfast work. 

To duty and devotion, to her trance 

Of earnest meditation; let her sit 

Once more unruffled greedless, strifeless, pure 

O once again upon her lofty seat ] 
And platform, teacher of all other lands 


(Jagathguru status) 
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observation on the non existence of symbols for writing numbers. 
Because in Rig Veda, it is mentioned ‘give thousand cows whose 
ears are marked with the number eight’ (ashtakarnya). Marking 
a number eight shows knowledge in number system. 


It is important to note here that when Greeks were using 
only upto a maximum value Myriad (1000) and Romans, Millie 
(1000), Indians could go upto 18th power of 10 level during the 
Vedic period. Dr. Hopkins gives a better picture of the Greek 
mathematicians of the 1st millennia BC. He says "Before the 6th 
century BC, all these religious and philosophical ideas of 
Pythagorus were current in India." The well known philosopher 
of ancient Greek, Appolonius has mentioned that Pythagorus 
went to India and was taught by Brahmins, on the geometrical 
rules. Not much is known about the European knowledge of 
mathematics after Pythagorus and Euclid, for nearly a thousand 
yeats. It has been told that Leonardo Fibonancii of Pisa spread 
Hindu numerals in Europe. By 1228 AD, he wrote a book 
focussing on Indian mathematics namely Liber abaci. Historians 
say that liber abaci is the stepping stone for the west to the 
modern mathematics. Evidences are many for this inference. The 
numerical words penta (pancha), hexa (shasta), septa (sapta), octa 
(ashta), nona (nava), deca (desa).... penta deca (pancha dasa)... 
octa deca (ashta dasa)... etc. are still used in the number systems 
by the Europeans and the English. All these terms are in Vedas. 


Albiruni's book written in 1030 AD, namely Tarik al Hind 
(Chronicles of India) in which he says that "The numeral signs 
which we (the people of the west) use are derived from the finest 
forms of the Hindu signs". A glimpse on the development of 
mathematics in the second half of the first millennia AD, will 
definitely give an insight on the real Indian contributions, prior 
to Leonardo Fibonancii. 


Vargaaksharaani vargefvarge fvargaaksharaant kaath ngmow ya: 
khadvi navake swaraa nava varge avarge navaanthya varge ya: 


The varga (group/class) letters Ka to Ma are to be placed in 


the varga (square) places (1st, 100th, 10000th.... etc. places) and 
have to be placed in avarga 


ninth vowel (place), new symbols can be used. 

Sanskrit vowels are as follows: i = 100; u = 10000, ru = 
1000000 and so on. Example, cha = 6; chi = 600; chu = 60000. 
Sum of the values of the letters, with or without vowels give the 
number. As for gi yi nga sa = gi + yi + nga + sa= 300 + 3000 + 


5 + 70 = 3375; Similarly njila = nji + la = 1000 + 50 = 1050. 
Using this number system small and large numbers can 
easily be written. Aryabhatta has used this system for presenting 
the astronomical and mathematical data. For presenting fractions 
also this number system can conveniently be used. Thus: Nga, 
nja, n'a, na mamsaka is 1/5, 1/10, 1/15, 1/20 and 1/25. Mixed 
fractions can be written as; Jhardham (jha is nine; it's half) = 4%, 
It appears that only Aryabhatta used this number system and no 
other mathematician/astronomer has used it for their original ; 
contributions, but used in their commentaties on Aryabhateeya. 
Bhootha Sankhya System : Bhootha sankhya is one of the most 
commonly used number systems for presenting data on 
astronomy and mathematics. It can well combine with the 
Sanskrit number system. It is said that the earliest work in which 
Bhootha sankhya is found is Pingalacharya's Chanda sastra (200 


9 


In India the knowledge on theoretical and applied part of 
square and square root was atleast as old as Sulba sutras. Uses of 
square root can be seen in the measurements of length, breadth 
and area of bricks and the sacrificial halls. Method for finding 
out square root of 2 and 3 are given in Boudhayana sulba sutra. 
Dwikarani and Trikarani are the common mathematical terms 
adopted for square root of 2 and 3. Karani is an earlier term used 
in all Sulba sutras which was replaced by vargamoolam in the 
later mathematics books, for squate root. 


Jaina book on mathematics, Uttaradhyayana sutra, written 
in 300 BC gives following terms on the mathematical calculations 
as varga, ghana, vargavarga (4th power) ghana varga (6th power) _ 
ghana varga varga (12th power) etc. Anuyogadwara sutra of Ist 
ceatury BC gives, 1st square and 2nd square and also their square 
roots. Aryabhatta in Aryabhateeya (2.4, 5) has given a method 
for finding out square root of numbers having many digits: 


wt Seana fer wher | 
anfet we weer CaM ACT I! 


Bhaagam haredavargaannithyam dvigunena vargamoolena 
vargadvarge suddhe labdham sthaananthare moolam 


(Having subtracted the greatest possible square from last 
odd place and then having written down the square root of the 
number subtracted in the line of the square root) always divide 
the even place (standing on the right) by twice the square root. 
Then, having subtracted the square (of the quotient) from the 
odd place (standing on the right) set down the quotient at the 
next place (i.e on the right of the number already written in the 
line of the square root). This is the square root: (Repeat the process 
if there are still digits on the right) 


Kaye has stated that Aryabhatta's method is algebraic in 
character and that resembles the method given by Theon of 
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Square is equal to the product of two equal numbers or the 
sum of as many terms of the series whose first term is 1 and 
common difference is 2 or the product of the difference and the 
sum of the given number and an assumed number plus the square 
of the assumed number. 


These can be mathematically represented as: 
nt=nxn or 14+3+5+..nterms ot (n-a) (nta) +a’ 


Similar definition is also given in Ganitasara sangraha (11.29). 
Sreedharacharya in Patiganita (rule 118) gives a simple method 
for determining the approximate value of square root of small 
non squaring numbers: 


Raaseramooladasyaahathasya vargena kenachinmahathaa 
moolam seshena vinaa vibbaje gunavargamoolena 


Of the non square number as multiplied by some large 
number (having square root) extract the square root, neglecting 
the remainder and divide that by the square root of the multiplier. 


I.e. multiply the number with a large square number and 
find out the square root of the product. Neglecting remainder, 
divide that square root by square root of the multiplier. (This 
gives an approximate square root of small numbers). An example 
for finding the square root of 10, multiply it with 100 and find 
out approximate square root of 1000 as 31 (neglect the remainder) 
divide 31 by the square root of 100 to get 3.1. Approximate value 
of square root for 10 is obtained. Instead of 100, if large number 
is used better accuracy would be obtained for square root. 


Patiganita (example 99) gives yet another interesting exercise 
to prove the depth down to which the ancient Indian 
mathematicians went in search of the application of square root 
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